Stroke leaves serious neurological sequelae, which require long-term medical and social care, imposing financial and mental burdens on the patients and their families, and causing enormous losses to society. It is currently required that medical resources be used efficiently and the cost-effectiveness of treatment be analyzed carefully. We conducted a follow-up survey of stroke patients admitted to the hospital attached to our university in order to build a picture of the current status of chronic-phase stroke medical treatment. In total, 330 patients were analyzed in this study. We evaluated utility and medical cost at one year after onset. To investigate the relationship between activities of daily living (ADL) classified according to the modified Rankin scale (mRS) and quality of life (QOL), utility was calculated for each ADL level. Utility at 1 year post-onset for each mRS level was: ADL0, 0.89; ADL1, 0.79; ADL2, 0.65; ADL3, 0.58; ADL4, 0.36; and ADL5, 0.09. A significant correlation was seen between utility and mRS. Direct monthly medical costs at 1 year post-onset were 61,536 yen in the ADL0 group and 383,444 yen in the ADL5 group, indicating that a worse ADL score required higher medical costs. Direct monthly costs were significantly different between ADL levels. This present study has clarified the QOL and medical costs of chronic-phase stroke patients, and many cost-utility analyses will be based on our data in the future in Japan.
Introduction
Stroke patients are left with serious sequelae, requiring long-term medical treatment or care services. Heavy physical and mental burdens are placed on the patient and their family, and the financial loss incurred by society is also enormous. Also, from the perspective of cost effectiveness in the medical care of strokes, quality of life (QOL) evaluations and medical cost data relating to both acute-and chronicphase patients are essential. However, with no reports of long-term follow-up studies addressing QOL and medical costs in Japan, the status of chronic-phase medical treatment remains unclear. We are currently conducting a follow-up survey of stroke patients admitted to the hospital attached to this university in order to build a picture of the current status of chronic-phase stroke medical treatment. Here we report the primary study, which has been completed and has yielded major results that will be of use in the future medical treatment of strokes.
Materials and Methods
Subjects were inpatients admitted to the hospital attached to our university for stroke between 2006 and 2010. The inclusion criteria for the study were patient's age between 35 and 85 years, and interval between stroke and start of treatment of less than 72 hours. The exclusion criteria were patients with hemorrhage from brain tumors and patients with malignant neoplasms. Caregivers were relatives living with the patient (spouses, adult children, parents, adult siblings, or adult grandchildren), or else people considered to be near relatives who spent at least 24 hours a week with the patient.
This study was a prospective cohort study with a fixed follow-up period of 3 years. The primary study of subjects and caregivers was carried out 1 year following the onset of stroke. A secondary study will be carried out 2 years post-onset and a tertiary study at 3 years post-onset, which will mark the completion of the study. Here, we report only on the primary study. Patients who died during the period of the primary study or who could not be followed up because they could not be contacted were excluded. Data were collected by means of interviews with patients or caregivers, conducted by the attending doctors N. Hattori et al.
either directly or by telephone. Medical costs were calculated using in-patient and out-patient receipts from all medical institutions attended by the patient. Medical costs for patients receiving various different services under the care insurance system were calculated on the basis of the payment limit for the patient, determined according to the level of care.
Neurological outcome was evaluated directly at 1 year after onset. Activities of daily living (ADL) were scored at 6 levels using the modified Rankin scale (mRS) as follows: ADL0, no symptoms; ADL1, minor symptoms that do not interfere with lifestyle; ADL2, minor handicap leading to some restriction in lifestyle but not interfering with the capacity for independence; ADL3, moderate handicap that significantly restricts lifestyle and prevents a totally independent existence; ADL4, moderately severe handicap that clearly prevents an independent existence, but without requiring constant attention; and ADL5, severe handicap requiring constant attention night and day. Death was designated as ADL6.
Stroke patients often bear a long-term burden of physical and mental stress, and evaluation of QOL is important in chronic-phase treatment. Various methods are available to measure QOL, and this study evaluated utility as an indication of healthrelated QOL, which is widely used in medical economics. 12) Utility was scored on an interval scale ranging from 0 (death) to 1 (complete health). To investigate the relationship between ADL classified according to the mRS and QOL, utility was calculated for each ADL level. In the present study, QOL was evaluated from information given by the caregiver using the EQ-5D Japanese version. 3) Medical costs were divided into direct and indirect medical costs for calculation. Direct medical costs include costs of admission to general hospitals, rehabilitation clinics, and long-term care institutions. In Japan, these costs are all paid for by medical insurance. The entire Japanese population is enrolled in mandatory medical insurance without choice based on employment and residence, called`H ealth-insurance-for-all.'' There are two medical insurance systems in Japan. One is the``Social Insurance System'' for those working at a company or office, and the other is the``National Health Insurance System'' for those uncovered by the Social Insurance System. The percentages of medical fees to be paid by insured people are 30% for those aged 3 to 69 years and 10% for those aged 70 years and older.
Patients being cared for at home can receive services such as home nursing, home rehabilitation, helpers, bathing, or temporary care, and these costs are paid for by care insurance. The Japanese care insurance system is modeled on the German system and was introduced in 2000. The level of care needed by patients is divided into seven levels, from support level 1 to care level 5, and each level of care has a fixed allowance to cover the needs of the patient (support level 1 is 50,000 yen, care level 5 is 350,000 yen/month). Patients being cared for at home can make use of various different services within the limit of payment for their designated level of care. In the present study, services paid for by the care insurance are included in the direct costs.
Indirect costs are calculated as two types: productivity loss of the patient as a result of the disease; and productivity loss of the caregiver as a result of the burden of caregiving. Indirect costs were calculated on the basis of the estimated production loss of the patient and their family members who were responsible for nursing at home, using the Wages Census, a fundamental statistic of wages and salary structure (2009), and a survey on the employment conditions of older individuals. 10) The expected mean wage of the patient was used in place of the productivity loss, based on the mean monthly salary. For example, according to the Wages Census, the mean annual wage for all wage earners aged 65 years old is 3,361,400 yen, including salary and special allowances. Hence, the mean monthly wage is thus 280,116 yen. According to a survey on employment conditions of older individuals, the employment rate for wage earners of the same age is 39.9%. Based on these data, the expected mean monthly wage for individuals aged 65 years old was calculated as 111,766 (＝280,116 × 0.399) yen.
The productivity loss of each nursing person (mostly a family member of the patient) after the patient's discharge was calculated on the basis of a conversion of the time cost to the wage in the labor market. For estimating the time needed for nursing, it was assumed that ADL1, ADL2, ADL3, ADL4, and ADL5 required the following nursing times: 3,094.9, 3,882.9, 6,715.4, 10,778.5, and 14,015.8 seconds, respectively, as given in the Report of Survey Program for Service Supply Indices. 4) The productivity loss of the nursing person was calculated using the nursing time, where the time wage (2,663 yen/hour) was calculated for all wage earners by dividing the mean annual wage (4,705,700 yen/year) derived from the Wages Census by the annual working time (1,767 hour/year) obtained from the time occupied in regular work and overtime work.
Statistical analyses were performed as follows. Correlations between ADL and utility were assessed using Spearman's correlation coefficient. Differences in medical costs between ADL levels were assessed by the Kruskal-Wallis test. Differences were regarded as significant if the p value was less than Activities of daily living (ADL) were scored at 6 levels using the modified Rankin scale (see text). Values show number of cases (%). 
Results
A total of 400 patients with stroke were admitted to the hospital attached to our university between 2006 and 2010, of whom 350 met the requirements for inclusion in the present study. These patients were entered into the study, and follow up after 1 year was possible for 330 patients. ADL3, 66 (20.0%); ADL4, 65 (19.7%); and ADL5, 45 (13.6%). With regard to the living environment for each ADL group, many patients in the ADL0 group had returned to work, whereas many in the ADL5 group required hospitalization. In the other ADL groups, the proportion of patients requiring home care was high (Table 2) .
Utility at 1 year post-onset for each mRS level was: ADL0, 0.89 (±0.11); ADL1, 0.79 (±0.08); ADL2, 0.65 (±0.07); ADL3, 0.58 (±0.06); ADL4, 0.36 (±0.07); and ADL5, 0.09 (±0.08). A significant correlation was seen between utility and mRS (p º 0.001) ( Table  3) .
Direct monthly medical costs at 1 year post-onset were 61,536 yen (±9,094.3) in the ADL0 group and 383,444 yen (±74,458.2) in the ADL5 group, indicating that a worse ADL score required higher medical costs. Direct monthly costs were significantly different between ADL levels (p º 0.001). Production loss of patients due to the disease was 76,096 yen/month in the ADL0 group, in which many patients were able to return to a working lifestyle. This was somewhat less than the 111,766 yen/month productivity loss of the ADL3, ADL4, and ADL5 groups. Productivity loss among caregivers was proportionately higher where home care was given, and was higher in the ADL3 and ADL4 groups, in which the total Neurol Med Chir (Tokyo) 52, April, 2012 N. Hattori et al.
hours of nursing care were higher compared to other groups (Table 4 ).
Discussion
Medical care for patients following stroke comprises three phases: the acute phase, in which surgery or intravenous treatment may be performed as part of the therapeutic regimen (within 1 month after onset); the recovery phase, in which the aim is for functional recovery mainly through rehabilitation (from 1 to 3 months post-onset); and the chronic phase, in which the aim is to maintain function through home care or long-term hospitalization (AE3 months postonset). Acute-phase hospitalization and treatment comes under the Diagnosis Procedure Combinationbased comprehensive payment system, which was introduced in 2003. Under this original Japanese system, payment is made on a per-day basis. Services such as surgery, anesthesia, and rehabilitation are paid for as before in a piecemeal fashion, but other in-patient treatment fees are standardized across the whole country through a comprehensive points system. The Ministry of Health, Labour and Welfare not only publicizes these medical costs, but also patient outcomes and the details of treatment, so that gaining an understanding of the current status of acute-phase treatment is not difficult. Besides the physical difficulties, stroke patients often have to bear the burden of mental disorders over the long term, so the chronic phase requires treatment focusing on QOL. In addition to medical care such as medication or rehabilitation, treatment also includes care services such as home-helpers, nursing visits, and short-stay hospitalization. Just as in the acute phase, costs are high. Evaluation of chronic-phase treatment in terms of both medical costs and QOL is important not just from the point of view of doctors and families concerned with stroke treatment, but also from the perspective of medical policy.
In the present study, medical costs were divided for evaluation into direct medical costs, which include hospital charges, medicine costs, treatment, and rehabilitation, and indirect costs, which take into account production loss of the patient and the caregiver. Direct medical costs increase with deterioration of ADL. In ADL3 or over, in which patients are unable to live independently, these costs exceed 300,000 yen/month. Productivity loss for the patient is only slightly decreased in ADL0 and ADL1, in which many patients are able to return to a working lifestyle. Productivity loss for the caregiver was greatest in ADL3 and ADL4, in which many patients receive care at home and the number of hours of care is high. Overall medical costs, which are the sum of direct and indirect medical costs, were more than 450,000 yen/month in ADL3 or higher, in which patients are unable to live independently. Needless to say, increasing the number of patients with ADL that permits independent living will reduce the costs of the chronic phase.
In the present study, a number of uncertainties with respect to medical costs must be considered. Regarding productivity loss due to illness, many patients may have already retired by the time of stroke onset. Also, with regard to the productivity loss of caregivers, the time spent providing care and the number of people involved in care is uncertain. The number of caregivers was limited to one in the present study, so in families with many people involved in caregiving, the actual productivity loss is very likely to have been much greater. In the present study, direct medical costs were calculated using medical economical methods, and elaborating these methods will be a challenge for the future.
The present study evaluated QOL as a measure of patient outcome. QOL evaluation is meaningful, bearing in mind the specific nature of stroke treatment and changes in the medical environment of Japan. Stroke patients often suffer long-term mental stress, and the therapeutic objective has become improving the quality of everyday life rather than bringing about a cure or prolonging life. Also, information disclosure and respect for the right of selfdetermination are stressed in medical settings, so that the importance of QOL, an outcome that takes the patient's perspective, is recognized by society. Moreover, medical economic evaluation that takes into account QOL has become important in order to make effective use of limited medical resources.
Various attempts have been made to quantify QOL, and the present study used utility, which is Neurol Med Chir (Tokyo) 52, April, 2012
Medical Care for Chronic-Phase Stroke referred to as health-related QOL. This restricts QOL to physical activity and mental function (activity) for evaluation, and uses an interval scale from 0 (death) to 1 (complete health). The present study evaluated the QOL of the patient at the time of evaluation using the EQ-5D Japanese version, from information provided by the caregiver (Table 5) . 3) The EQ-5D Japanese version takes QOL as consisting of five dimensions: mobility; self-care; usual activities; pain/discomfort; and anxiety/depression. Utility is calculated from the responses to five standardized questions, one for each of the five dimensions. For each question, the best response is selected from three alternatives. Utility is calculated from the responses using the Japanese version of the utility conversion table. We used evaluation by caregivers to calculate patient QOL in the present study. The advantage of utility is that the QOL of patients with different conditions can be evaluated using a single index. It is thus extremely useful for clinical decisions such as treatment selection, economic evaluations, or policymaking.
With the utility scores of chronic-phase stroke patients in the present study, utility was 0.89 in the ADL0 group and 0.79 in the ADL1 group (Table 3) . Although ADL in these two groups is favorable, the utility scores are not high. 2, 16, 17) This is because many patients did not express satisfaction in the anxiety or pain/discomfort domains, and these patients would not have been identified in previous evaluations that used only ADL. At the same time, utility scores of bed-ridden patients were low, near to the level of death, indicating that these patients are under conditions of great physical and mental distress. For the medical economic analysis of cost utility, the evaluation index was quality-adjusted life years (QALY), which integrates quality and quantity of life. A QOL of utility 1 maintained for 1 year is 1 QALY, and the medical costs required to obtain 1 QALY are calculated for cost-utility analysis. The advantage of cost-utility analysis is that it crosses the divisions between different medical departments, allowing comparison of the medical economic effects of different medical interventions. Current medical services in Japan need to make effective use of limited medical resources, and so it is essential for medical policy-making to be able to evaluate different medical interventions on a level playing field for prioritization. In Western countries, there is generally a ceiling of $50,000/QALY, up to which medical interventions can be considered from a medical economic standpoint. 1, 6, 11) A partial cost-utility analysis of medical interventions in the other countries is shown in the Table 6 . 5, [7] [8] [9] 15) In Japan, reports to date recognize treatments of 6 million yen/QALY as giving excellent cost performance. 13, 14) To date, few reports have undertaken cost-utility analysis of stroke treatment in Japan, the main reason being that there has been no accurate picture of chronic-phase stroke treatment. The present study has clarified the QOL and medical costs of chronicphase stroke patients, and we hope that many costutility analyses will be based on our data in the future. We are currently continuing with secondary and tertiary follow-up studies. Creation of a more accurate picture of chronic-phase stroke treatment should be possible from the data yielded by these studies and their analysis.
